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Miquel & Vasko, 2014). This species burrows into the soil 
to reach hypogeous fungi (Ballerio et al., 2010). Adults are 
crepuscular and nocturnal and are attracted to light (Fabra, 
2004; Ballerio et al., 2010). Juřena et al. (2008) report that 
adults fl y low above the ground (cca. 1/2 m), with the dura-
tion of each fl ight lasting 15–30 min and beginning about 
40–45 min after sunset. Beetles fl y before/after sunset and 
at night, mostly above meadows and along forest edges 
(Brelih et al., 2010). The adults are active mostly from late 
May to early July, but sometimes are observed in August 
and September (Juřena et al., 2008; Hillert et al., 2016). 
Although this species is recorded in most of the countries 
in Southeast Europe, current knowledge about its regional 
distribution is relatively poor and differs signifi cantly in 
extent from country to country (Koren, 2017). In the for-
mer Yugoslavia, there are only old records for Slovenia 
(fi ve sites) (Brelih et al., 2010) and Bosnia and Herzego-
vina (two sites) (Mikšić, 1970; Lelo & Kašić-Lelo, 2010), 
whereas for Croatia there is one old record and a single 
new record (Mikšić, 1970; Koren, 2017). In neighbouring 
Hungary it is not so rare (Nádai, 2006; Merkl et al., 2014), 
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Abstract. Bolbelasmus (Bolbelasmus) unicornis (Schrank, 1789) (Coleoptera: Geotrupidae) is a rare and threatened beetle dis-
tributed mostly in Central, Eastern and Southeast Europe. As a species of special conservation signifi cance it is included in An-
nexes II and IV of the Habitat Directive of the European Union. Several new records of this species documented using light traps 
and soil sampling were recently reported in Serbia (the central part of the Balkan Peninsula). In this paper we present and discuss 
the current distribution of this species in the region studied based on GIS occurrence data. The distribution is mapped and values 
of environmental variables within this beetle’s range are quantifi ed using GIS technology. In addition, we predict its potential range 
in Serbia using a model based on the current distribution of this beetle, environmental variables and distribution of its food source.
INTRODUCTION
Bolbelasmus (Bolbelasmus) unicornis (Schrank, 1789) is 
very rare throughout its distribution range. Currently, it is 
known from Austria, Bosnia and Herzegovina, Bulgaria, 
Croatia, the Czech Republic, France (Alsace), Germany, 
Greece, Hungary, Italy, Moldova, Poland, Romania, Rus-
sia, Serbia, Slovakia, Slovenia, Switzerland, Ukraine and 
Turkey (Alonso-Zarazaga, 2013; Nikolajev et al., 2016). It 
is absent in Northern Europe, most of Western Europe, the 
Iberian Peninsula and the Apennines.
Bolbelasmus unicornis occurs in thermophilous steppe, 
forest steppe and Pannonian oak forest habitats (e.g., mead-
ows, forest edges) in both lowland and hilly areas (Koren, 
2017). It is seldom recorded because of its rarity and pe-
culiar cryptic way of life. The latter seems to be the main 
reason why we know so little about this species. One of the 
priorities is to ascertain its way of life. This species is pre-
sumably associated with truffl es (Tuber spp. and Choiro-
myces spp., Tuberaceae) and other hypogeous fungi (Glo-
mus macrocarpum Tul. & C. Tul., 1845, Endogonaceae) 
and uses them as food (Bratek et al., 1992; Nádai, 2006; 
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in Belgrade; and the Institute of Zoology, University of Belgrade, 
Faculty of Biology] and private entomological collections [the 
collections of David Král, Prague, Czech Republic (CDK), Dra-
gan Pavićević, Belgrade, Serbia (CDP) and Nastas Ilić, Belgrade, 
Serbia] were studied.
Data from literature
The data for Serbia in the following literature were summa-
rized: Nedelkov (1905), Mikšić (1959), Gradojević (1963), 
Guéorguiev & Bunalski (2004), Gavrilović & Stojanović (2008), 
Arnone & Massa (2010) and Hillert et al. (2016).
Data from monitoring schemes
We checked the results of monitoring schemes for both beetles 
and moths in Serbia conducted using light traps and soil sampling 
to confi rm the presence of this beetle in this country during the 
last 20 years. Particularly in the period of 2013–2017 research 
was carried out in the northern, central and eastern parts of this 
country, where it was expected this species would occur.
The light trapping was part of the monitoring of moths and 
beetles in Serbia organized by the University of Novi Sad, Insti-
tute of Lowland Forestry and Environment and the University of 
Belgrade, Faculty of Biology. It was run from 2000 to 2017 (from 
February to November) over a large area of Serbia at approxi-
mately 350 locations at different altitudes and in different habitats 
(oak forests, grassland, forest edges) throughout the country (Fig. 
1). There were a total of 294 UTM squares (10 km × 10 km) 
where light traps were located within the confines of Serbia (al-
most 30% of the UTM squares in Serbia) (Fig. 1). High-pressure 
mercury discharge (VTF) light traps (consisting of a 400-W light 
bulb with a piece of white cotton canvas behind it) were used 
to collect specimens. Additional collections were made around 
street/outdoor lamps. Light traps were run each night from sun-
set for eight hours, from 19:00 to 3:00 h. The beetles were col-
lected by hand or with an entomological net from around the light 
sources.
Soil sampling was done as part of the research on the endogean 
fauna of Serbia organized by the Institute for Nature Conserva-
tion of Serbia. It was done using special excavating equipment 
(e.g., pick axe) for digging into the soil up to a depth of 0.50 m 
over the last 30 years (from April to October) in a large area of 
this country at approximately 140 locations (other than the loca-
tions where light trapping was conducted) in Serbia proper and 
both provinces (Vojvodina and Kosovo and Metohija) at differ-
ent altitudes and in a variety of habitats (Fig. 1). The 126 UTM 
squares (10 km × 10 km) where soil sampling occurred in Serbia 
(13% of the UTM squares in Serbia) are illustrated in Fig. 1. Soil 
sampling was done during the day, mainly beneath shrubs and in 
gardens. 
The beetle material collected by both soil sampling and light 
trapping is deposited in the private collection of D. Pavićević 
(CDP) and in SOFM. Classifi cation and nomenclature are those 
of Nikolajev et al. (2016). Locations and areas in Serbia men-
tioned in the current paper are shown in Fig. 2.
GIS analysis and modelling
The localities of B. unicornis that could be georeferenced were 
mapped using a GIS platform (program). We used vector data of 
hydrological features (rivers and lakes) to calculate distances be-
tween where the beetles were collected and the nearest hydrologi-
cal entities using the Proximity toolset. We also mapped data on 
the distribution of the food sources of B. unicornis in Serbia (18 
Tuber and Choiromyces taxa) (Ivančević, 2016). They are located 
in 80 UTM grid squares measuring 10 km × 10 km. We also used 
Corine Land Cover (CLC) seamless vector data (EEA, 2006) and 
raster data of: (i) a digital altitude model (http://www.webgis.
whereas in most of the other countries in Southeast Europe 
it is highly or extremely rare. There are, however, records 
of its occurring in Serbia in the past (Nedelkov, 1905; 
Mikšić, 1959; Gradojević, 1963; Guéorguiev & Bunalski, 
2004; Gavrilović & Stojanović, 2008; Arnone & Massa, 
2010; Hillert et al., 2016). Surprisingly, the presence of this 
beetle in Serbia is not mentioned either in the Catalogue 
of Scarabaeoidea of Yugoslavia (Mikšić, 1970) or in the 
recent Catalogue of Palaearctic Coleoptera (Nikolajev et 
al., 2016).
It is a protected species in the European Union (EU). The 
EU lists it as a species of community importance in An-
nexes II [species requiring the designation of Special Areas 
of Conservation (SACs)] and IV of the Habitat Directive 
(species in need of strict protection) (European Commis-
sion, 1992), which ensure the preservation of its natural 
habitats and associated fauna and fl ora in Europe. Currently 
there are 36 SACs designated within the EU for the conser-
vation of B. unicornis (EEA, 2016), but almost nothing is 
known about how the habitats need to be managed. Within 
the EU, the overall conservation status of B. unicornis is 
“unknown”, since there are no data (for most countries) or 
very little information available (even for Hungary in the 
Pannonian region, where most of the records are reported). 
This beetle’s conservation status is still not legally regu-
lated in all countries, even in some belonging to the EU. 
The same applies for the non-EU member Serbia, where 
this species is not included in the Rulebook on Declara-
tion and Protection of Strictly Protected and Protected 
Wild Species of Plants, Animals and Fungi (Anonymous, 
2010, 2011). Some scientists assume that this species is 
declining throughout its entire distribution range and that 
there is a great need to conserve both the beetle and the 
habitats in which it lives (Szwałko, 2008). Since there are a 
small number of new records for most countries, each one 
is quite important and signifi cantly increases our knowl-
edge of the actual distribution of B. unicornis, which can in 
turn be used for the implementation of actions aimed at the 
conservation of this species and its habitats (Radović et al., 
2005; Errouissi et al., 2009; Roslin et al., 2009; Horák et 
al., 2010; Numa et al., 2012; Dortel et al., 2013; Stojanović 
et al., 2017). Indeed, it is necessary to use existing informa-
tion on this beetle’s distribution and life history to improve 
conservation management. Distribution data are important 
in attempting to identify the possible extent of this beetle’s 
occurrence, establish its current conservation status and 
defi ne the geographical areas where it should be protected.
The aims of the present study were as follows: (i) re-
port new records of this species in Serbia and summarize 
all known records for this country; (ii) provide a model 
of its current and predicted distribution in Serbia using 
geographic information system (GIS) technology and ad-
ditional data on its ecology; and (iii) assess its conservation 
status in this country based on old records and the results of 
our own fi eld studies.
MATERIALS AND METHODS
Data from collections
Several institutional collections [those of the National Museum 
of Natural History in Sofi a (SOFM); the Natural History Museum 
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com/srtm30.html); (ii) a digital model of average annual tempera-
ture [WorldClim – Global Climate Data (Hijmans et al., 2005)]; 
(iii) a digital model of average annual precipitation [WorldClim 
– Global Climate Data (Hijmans et al., 2005)]; and (iv) a georef-
erenced raster soil map of Serbia (1 : 2,000,000, after Škorić & 
Bogunović, 1977). The vector data and the database were inte-
grated, analysed and processed using GIS software (ArcGIS 10).
The potential distribution of B. unicornis in Serbia was mod-
elled using the distribution of the beetle and its food source 
(fungi) and environmental variables obtained from data on the 
beetle’s distribution (altitude, average annual precipitation and 
average annual temperature). Numerical values for locations 
where beetles were collected were extracted using the ArcGIS 
Spatial Analyst tool. In the model, the potential distribution of 
the beetle is calculated using ArcGIS Spatial Analyst as the inter-
section where the variables of altitude, average annual precipita-
tion and average annual temperature are within the defi ned values 
suitable for B. unicornis. For the potential distribution in Serbia, 
the presence of the potential food of the beetle is taken into ac-
count along with the three tested environmental variables using 
ArcGIS Spatial Analyst, assuming the extracted area is favour-
able for the occurrence of B. unicornis.
RESULTS
Current knowledge of B. unicornis in Serbia based 
on data from collections and the literature
After inspecting available institutional and private en-
tomological collections, we found two specimens of B. 
unicornis collected in Serbia in the following collections: 
SOFM (one male from near the village of Babin Kal, Bela 
Palanka) and CDK (one female from the village of Vrdnik, 
Mt. Fruška Gora) (Table 1). The two records of the beetle 
from the two above-mentioned collections are presented 
herein for the fi rst time. These beetles were active at night, 
as were those previously reported for Serbia in the litera-
ture (Gavrilović & Stojanović, 2008; http://www.biolib.cz/
en/image/id235093/; Stojanović, pers. comm.) (Fig. 3) as 
they were caught near light sources (light traps, street/out-
door lamps) late at night.
Analysis of the literature yielded a few additional records 
of B. unicornis from Serbia. In total, 18 specimens of the 
beetle are reported by previous authors from eight locali-
ties (Dimitrovgrad; Mt. Fruška Gora, village of Stražilovo; 
Ruma; Serbia; Đerdap National Park, 5 km WSW of Teki-
ja; Krčedin; Đerdap National Park; and Jagoda, village of 
Deliblato, Deliblato Sands) (Table 1). Nedelkov (1905) 
reports this beetle in Dimitrovgrad (formerly Tsaribrod) 
(the locality was originally cited in Cyrillic). Until the end 
of 1919, the town of Tsaribrod and the surrounding area 
were within the boundaries of Bulgaria. Mikšić (1959) also 
reports it from Dimitrovgrad. He cited the town as “Cari-
brod” and erroneously indicates the record for Bulgaria. 
Guéorguiev & Bunalski (2004) again restated Nedelkov’s 
(ibid.) record. Data on the quantity and other collecting 
details were not given in the three above-mentioned refer-
ences.
The locality near Tekija is erroneously indicated as 
within the boundaries of the Šumadija District (Hillert et 
al., 2016), but in fact is located in the Bor District. The 
same authors report one additional record in Serbia with 
uncertain location, so the precise position cannot be de-
termined (Hillert et al., 2016). The record of Hillert et al. 
(2016) from the town of Ruma was fi rst given by Arnone 
& Massa (2010). Hillert et al. (2016) mention that Matcha 
collected one male specimen from Serbia, but a more pre-
cise locality was not specifi ed. Literature records for the 
Đerdap National Park include two males and one female 
collected near Tekija (Hillert et al., 2016) and 11 females, 
the precise locations within the national park are unknown 
(https://www.youtube.com/watch?v=ARWcwn9M2OM; 
https://www.youtube.com/watch?v=-jn7cHg84aY). The 
following three literature records are from the Vojvodina 
Province: one female was collected by Dejan Stojanović 
in the village of Stražilovo, Mt. Fruška Gora (Gavrilović 
& Stojanović, 2008); one male was observed by Zoran 
Božović in Krčedin (http://www.biolib.cz/en/image/
id235093/; Božović, pers. comm.) and one specimen was 
collected by Zoran Gradojević in Jagoda, village of Delib-
lato, Deliblato Sands (Gradojević, 1963). 
Bolbelasmus unicornis – new records of its 
occurrence in Serbia and data collected using 
light traps and soil sampling 
New recor ds of adults of B. unicornis from three sites in 
Serbia (Table 1) were obtained using light traps and soil 
sampling.
In spite of light trapping at approximately 350 locations 
in Serbia over a period of 18 years (2000–2017), this beetle 
was recorded only once (in 2003) (Table 1). Namely, one 
Fig. 1. Map of the localities in Serbia in UTM projection (grid zone 
34T; basic square 10 km × 10 km) where light trapping (red circles 
and semi-circles) and soil sampling (blue circles and semi-circles) 
were conducted. The green areas are plains, the yellow areas hills 
and brown areas mountains.
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dead specimen was collected in daytime under an outdoor 
lamp at the Tresije Monastery, Mt. Kosmaj. Some areas 
in Serbia were systematically investigated for a long time 
using light trapping (e.g., environs of the cities of Sombor 
and Subotica on the Pannonian plain, Vojvodina Province 
and the Kopaonik and Tara National Parks, in Serbia prop-
er), but no further fi ndings were recorded (Mesaroš, pers. 
comm.; Vajgand, pers. comm.). 
During the 30-year period of daily soil sampling at ap-
proximately 140 locations, beetles were dug up only twice, 
in 1986 and 2006 at two sites in Serbia, viz., at Trešnja in 
the hamlet of Grkovo, village of Mala Ivanča and in the 
village of Planinica, Mt. Tupižnica (Table 1). These beetles 
were found accidentally as there were no specifi c signs of 
their presence on the soil surface. It is important to point 
out that the specimen from Trešnja (hamlet of Grkovo, vil-
lage of Mala Ivanča) was dug up beneath a hazel shrub 
together with Tuber fungi. The specimen from the village 
of Planinica was dug up in a garden. 
Period of activity of adults of B. unicornis in Serbia
Adult beetles were recorded from May to July and most 
frequently in northern Serbia (Vojvodina Province), where 
they were collected in the Srem District from June to the 
middle of July (2005, 2013 and 2016). In eastern Serbia, 
it was recorded over the longest period, from May to the 
middle of July (2006 and 2014). In southeastern Serbia it 
was recorded at the beginning of July (2014), while in cen-
tral Serbia (Šumadija region) it was recorded from the mid-
dle of May to the second half of June (1986 and 2003). The 
beetle was recorded four times in each of the two months 
of May and July, but somewhat less frequently in June 
(twice) (Table 1).
Ecological preferences of B. unicornis in Serbia
Altitude preferences of B. unicornis
The presence of B. unicornis in Serbia is associated with 
low or medium-altitude habitats, from 104 m up to 741 
m a.s.l., with an average altitude of 336 m a.s.l. (Table 2) 
(Fig. 4A). This species is mostly present on plains and in 
hilly areas, and to a somewhat lesser extent on the slopes 
Fig. 2. Map of Serbia showing provinces, regions, districts (numerical values) and their capitals (red dots), and the areas and locations 
mentioned in the text.
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of mountains (Mts Fruška Gora, Tupižnica and Miroč, and 
those of the Stara Planina Mountains), with the records 
from low mountains less numerous (Mt. Kosmaj).
Temperature preferences of B. unicornis
The average annual temperature at the sites where this 
species occurred in Serbia ranges from 8.3°C to 11.5°C, 
with a mean value of 10.2°C (Table 2). To judge from the 
data presented in Fig. 4B, it can be stated that B. unicornis 
prefers areas in the country in which the average annual 
temperature is moderate to high.
Humidity preferences of B. unicornis 
Most of the records for Serbia are from sites near the 
Danube and its tributaries (Fig. 4A). The average annual 
precipitation at the sites studied in Serbia ranges from 608 
mm to 745 mm, with a mean value of 668 mm (Table 2). 
Thus, this beetle prefers areas in the country with moderate 
to low levels of humidity (Fig. 4C).
Habitat and soil type preferences of B. unicornis
Information about the habitats, types of areas and vegeta-
tion occurring at the sites inhabited by B. unicornis in Ser-
bia were obtained using CLC data (Table 2) (Fig. 5). The 
following CLC codes applied to these sites were: 112, 211, 
311, 321 and 324 (Table 3). At somewhat higher altitudes 
in the country, this species in most cases (six) was found 
in broad-leaved forests (311), predominantly oak forests, 
which are suitable for its food source (fungi). It is some-
what less present at higher altitudes, where it is mainly as-
sociated with shrub and/or herbaceous vegetation within 
forests and semi-natural areas [natural grasslands (321) 
and transitional woodland/shrub (324) (one case each)]. 
Interestingly, at low altitudes and on plains (at two low-
altitude sites in Srem District), this beetle was recorded 
under street lamps in urban areas (112). It is somewhat less 
associated at low altitudes with arable land in agricultural 
areas (211) (one case). At one site (Trešnja), hypogeous 
fungi (Tuber spp.) occurred.
According to the soil map of Serbia (Fig. 6), B. unicornis 
mostly prefers eutric brunisol, followed by chernozem on 
loess, limestone-dolomite black soil, lithosol and rendzina. 
Only once was it found on arenosol and eutric brunisol on 
sand, loessifi ed soil and eutric brunisol and fl uvial and eug-
ley soil (Table 2).
Table 1. Records of the adult individuals of B. unicornis collected in Serbia.
Site Additional site/collectioninformation for each record
Time of 
collecting
Date of collecting and 
collector / observer
No. of specimens
and gender Reference
Dimitrovgrad
Nedelkov (1905); Mikšić 
(1959); Guéorguiev & 
Bunalski (2005)
Mt. Fruška Gora, 
village of
Stražilovo
Attracted by light trap in front of 
bungalows by a stream near a 
restaurant, surrounded by 
deciduous forest and a meadow
At night 14.vii.2005, Dejan Stojanović One female
Gavrilović & Stojanović 
(2008); Gavrilović, pers. 
comm.; Stojanović, pers. 
comm.
Ruma One male Arnone & Massa (2010); Hillert et al. (2016)
Serbia Matcha One male Hillert et al. (2016)
Đerdap National 
Park, 5 km WSW
of Tekija
27.–28.v.2014 Two malesand one female Hillert et al. (2016)
Bela Palanka,
near the village
of Babin Kal
A meadow and an orchard,
close to a Quercus/Carpinus
forest, attracted to a lamp
At night 03.vii.2014, Stoyan Beshkov (SOFM) One male This study
Krčedin Weeds/low shrubs,attracted to a lamp 21:26:41
01.vii.2013, Zoran 
Božović One male
http://www.biolib.cz/en/
image/id235093/; Božović, 
pers. comm. 
Đerdap National 
Park 13.vii.2014 One female
https://www.youtube.com/
watch?v=ARWcwn9M2OM
Đerdap National 
Park v.2014 10 females
https://www.youtube.com/
watch?v=-jn7cHg84aY
Deliblato Sands, 
village of Deliblato, 
Jagoda
Festucetum vaginatae fumanetosum, 
sand substrate rich in calcium 
carbonate, with a defi cit of humus
Zoran Gradojević Gradojević (1963)
Village of Mala 
Ivanča, hamlet
of Grkovo, Trešnja
Dug up beneath a hazel shrub 
together with Tuber fungi
During
the day
14.v.1986, Dragan 
Pavićević (CDP) One female This study
Mt. Kosmaj,
Tresije Monastery
Dead specimen found
under a lamp near a restaurant
During
the day
21.vi.2003, Dragan 
Pavićević (CDP) One female This study
Mt. Tupižnica, 
village of Planinica Dug up in a garden
During
the day
28.v.2006, Siniša 
Ognjenović (CDP) One female This study
Mt. Fruška Gora, 
village of Vrdnik Attracted to light At night vi.2016 (CDK) One female This study
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Preference of B. unicornis for areas close to water 
bodies
The distance between the sites where this species oc-
curred in Serbia and the nearest water bodies varied be-
tween 35 m and 2,426 m, with a mean value of 972 m 
(Table 2) (Fig. 7).
Predicted distribution of B. unicornis in Serbia
Bolbelasmus unicornis is currently recorded in Serbia 
between latitudes 43.0085° and 45.167133°N and between 
longitudes 19.798318° and 22.772°E (Fig. 7).
Current distributions of both B. unicornis and this bee-
tle’s food (fungi) in Serbia are presented in Fig. 7. The map 
is helpful in predicting where we can expect new records 
of this beetle in the future, since its presence is closely as-
sociated with certain hypogeous fungi. 
This together with the environmental variables associ-
ated with the data on this species distribution were used 
to produce a model of its potential distribution in Serbia, 
which is shown in Fig. 7. In northern Serbia (Vojvodina 
Province), it is likely it will be recorded in the future by the 
Fig. 3. Male of B. unicornis on a plant under a street lamp in Krčedin (northern Serbia) (photographed by Z. Božović).
Table 2. List of the locations where B. unicornis was recorded in Serbia. AES – arenosol and eutric brunisol on sand; CL – chernozem 
on loess; CLC – Corine Land Cover; EB – eutric brunisol; FE – fl uvial and eugley soil; LEB – loessifi ed soil and eutric brunisol; LLR – 
limestone-dolomite black soil, lithosol and rendzina; RR – average annual precipitation; T – average annual temperature.
Site Latitude Longitude Altitude(m a.s.l.) T (°C)
RR 
(mm)
CLC 
code
Soil
type
Distance from the 
nearest water body (m)
Dimitrovgrad 43.008500 22.77200000 626 8.9 608 324 FE 834
Mt. Fruška Gora,
village of Stražilovo 45.167133 19.91672222 216 11.2 669 311 EB 245
Ruma 45.004833 19.82000000 109 11.2 658 112 CL 881
Đerdap National Park,
5 km WSW of Tekija 44.643588 22.36049400 407 9.5 712 311 LLR 2,067
Bela Palanka, near the 
village of Babin Kal 43.319157 22.38972100 741 8.3 641 321 LLR 544
Krčedin 45.137333 20.12600000 113 11.5 636 112 CL 1,662
Deliblato Sands, village
of Deliblato, Jagoda 44.835242 21.05116600 104 11.3 651 211 AES 2,426
Village of Mala Ivanča, 
hamlet of Grkovo, Trešnja 44.607376 20.57124600 260 10.5 705 311 EB 318
Mt. Kosmaj,
Tresije Monastery 44.465593 20.56399200 542 9.2 745 311 LEB 1,251
Mt. Tupižnica, village
of Planinica 43.837847 22.11952600 350 9.8 650 311 EB 425
Mt. Fruška Gora,
village of Vrdnik 45.124595 19.79831800 229 10.9 675 311 EB 35
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Danube and its tributaries in the Srem (Mt. Fruška Gora 
and its surroundings) and Bačka Districts, and on the Deli-
blato Sands and by the Vršac Canal (Vršačke Planine Mts 
and its surroundings) in the Banat District. It is possible it 
occurs in a small part of western Serbia by the Sava River 
and its tributaries (Kolubara River) in the Mačva and Kol-
ubara Districts. In Serbia proper, a signifi cantly larger area 
is predicted to be suitable for B. unicornis. It includes the 
valleys of the rivers Velika Morava and its smaller tributar-
ies, Zapadna Morava (part of), Danube (along the border 
with Romania and in the City of Belgrade and Podunavlje 
Districts), Mlava, Timok, Nišava (part of), Toplica, Ibar 
(part of), and Južna Morava (part of). The northwestern, 
northeastern central, eastern, southeastern, and southern 
parts of the country seem suitable for B. unicornis, while 
the northern, western, southwestern, and southeasternmost 
parts are unfavourable for this beetle (Fig. 7).
DISCUSSION
Current distribution of B. unicornis in Serbia
Our analyses indicate that the distribution of B. unicornis 
in Serbia is closely linked with the distribution of its food 
(fungi), environmental parameters considered (altitude, av-
erage annual temperature and precipitation), soil type and 
proximity to water bodies (Koča, 1906; Nitzu, 2001; Byk 
et al., 2016). The fi nding of B. unicornis in Trešnja (hamlet 
of Grkovo, village of Mala Ivanča), beneath a hazel shrub 
together with Tuber fungi, supports the assumption that the 
beetle is likely to feed on these fungi. In a few cases, the 
locations of this beetle and its food (fungi) either overlap or 
are close to each other. In most cases, however, the distri-
butions do not overlap, indicating that other environmental 
factors may also infl uence this beetle’s distribution. 
The distribution of this beetle in Serbia is not particularly 
localized. Its presence in eastern and southeastern Serbia is 
confi rmed in the vicinity of Bela Palanka (the second re-
cord in the valley of the Nišava River) and Zaječar (the fi rst 
record in the valley of the Timok River). Apart from the 
Pannonian steppe, the beetle prefers river valleys in Serbia 
proper (eastern and southeastern Serbia) with similar envi-
ronmental conditions and/or is found mostly at somewhat 
higher altitudes (on low mountains or mountain slopes) 
(Šumadija region). The greatest number of records are 
Fig. 4. Distribution of B. unicornis in Serbia on digital models based on altitude (A), average annual temperature (B) and average annual 
precipitation (C). The red dots indicate the locations where this beetle is recorded. Projected coordinate system: Europe Albers Equal 
Area Conic.
Fig. 5. Corine Land Cover 2006 data and distribution of B. unicornis 
in Serbia. The blue surfaces are major rivers and lakes, while the 
red dots are the locations where this beetle is recorded. Projected 
coordinate system: Europe Albers Equal Area Conic.
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from the Srem District (four), confi rming the connection 
with forest-steppe habitats in the vicinity of the Danube. 
Interestingly, it is important to point out that the presence 
of this beetle on the Deliblato Sands (Banat District) indi-
cates that it might also inhabit sandy soil (arenosol and eu-
tric brunisol on sand), so future attention should be paid to 
other similar areas in Serbia (e.g., the Ram-Golubac Sands 
and other sands in the Podunavlje region). The records 
of this beetle in areas close the Serbian border with sur-
rounding countries [Gorna Malina in the vicinity of Vidin 
(unpubl. data) and the Lozenska Planina Mts in western 
Bulgaria (Guéorguiev & Bunalski, 2004); in Szekszárd, 
on Csukma Hill and on Mt. Villányi in southern Hungary 
(Nádai, 2006); and in Vinkovci and the nearby village of 
Gradište in eastern Croatia (Koča, 1906; Koren, 2017)] in-
dicate that it might also be present on the Serbian side, near 
the border (by the Danube and its tributaries in the Bačka 
and Srem Districts and in the valleys of the Nišava and the 
Timok Rivers in southeastern Serbia). 
Fig. 6. Current distribution of B. unicornis in Serbia superimposed on a soil map (after Škorić & Bogunović, 1977). The red dots are the 
locations where this beetle is recorded. Projected coordinate system: MGI / 3-degree Gauss zone 7.
Table 3. Corine Land Cover (CLC) codes for the locations where B. unicornis is recorded in Serbia.
CLC code Label 1 Label 2 Label 3
112 Artifi cial surfaces Urban area Discontinuous urban area
211 Agricultural areas Arable land Non-irrigated arable land
311 Forests and semi-natural areas Forests Broad-leaved forest
321 Forests and semi-natural areas Associations of shrub and/or herbaceous vegetation Natural grasslands
324 Forests and semi-natural areas Associations of shrub and/or herbaceous vegetation Transitional woodland/shrub
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Effectiveness of different sampling methods
The number of adult individuals collected using light 
trapping over a long period of time in a large area of Serbia 
was only three. Attraction to light was also documented in 
the case of one specimen observed in Krčedin by Zoran 
Božović (Božović, pers. comm.). Our efforts using soil 
sampling and collecting above vegetation resulted in gath-
ering only two individuals. This indicates that this beetle is 
rare in this country and that light trapping is slightly more 
effective than soil sampling, but the former method of col-
lecting needs to be combined with soil sampling, collecting 
above vegetation at dusk, truffl e locating by dogs and pigs, 
etc. It seems that light trapping is still the most effective 
method of collecting for monitoring purposes (Král, 2006; 
Ballerio et al., 2010).
Existing collecting methods need to be combined with 
novel ones in order to determine this beetle’s cryptic way 
of life and whether it is rare or not in a certain area. There-
fore, use of the results of GIS analyses of data on the lo-
cations of records of this beetle and the environmental 
variables documented has to be taken into account in the 
future. This will lead to improved rates of detection. It is 
of a special interest to have accurate data on the locations 
(GPS coordinates, Corine Land Cover type) and environ-
mental variables for the sites where B. unicornis occurs 
(altitude, temperature, humidity, soil type, distance from 
the nearest water body) on a European scale. After obtain-
ing such data, it will be possible to conduct a broader GIS 
analysis, which will give us the most precise information 
on the ecology of this species. 
Abundance and activity of B. unicornis in Serbia
The number of individuals collected in Serbia is very 
low (one specimen per site). Reports in the literature in 
most instances are of only one specimen per site in Ser-
bia, except for the case of those collected in May of 2014 
in the Đerdap National Park (https://www.youtube.com/
watch?v=-jn7cHg84aY) and on 27–28 May 2014 in the 
vicinity of Tekija, Đerdap National Park, of 10 and three 
specimens, respectively (Hillert et al., 2016).
Adult beetles were recorded in Serbia from May to 
July, which is in accordance with the data on seasonal ac-
tivity in the literature (Juřena et al., 2008; Hillert et al., 
2016). Our records were for May, June and July, while 
Serbian records in the literature are for only May and July 
(Gavrilović & Stojanović, 2008; Hillert et al., 2016; http://
www.biolib.cz/en/image/id235093/; https://www.youtube.
com/watch?v=ARWcwn9M2OM; https://www.youtube.
com/watch?v=-jn7cHg84aY). The specimens collected 
by light trapping were clearly active at night as they were 
gathered until midnight. Such is the case of a specimen 
reported by Gavrilović & Stojanović (2008) (Gavrilović, 
pers. comm.; Stojanović, pers. comm.) and a specimen ob-
served by Zoran Božović (http://www.biolib.cz/en/image/
id235093/; Božović, pers. comm.). One dead specimen 
collected during the day was presumably attracted to light 
as it was found under an outdoor lamp. The remaining two 
specimens collected during daytime were dug up from 
soil. The time of capture of specimens in Serbia reported 
by most previous authors (Nedelkov, 1905; Mikšić, 1959; 
Gradojević, 1963; Guéorguiev & Bunalski, 2004; Arnone 
& Massa, 2010; Hillert et al., 2016) was not recorded.
Number of records of B. unicornis in Serbia 
and surrounding countries
If we compare the number of records for Serbia (14) 
with those for surrounding countries, this beetle is more 
frequently documented only in Hungary (76 records) 
(Nádai, 2006), while a smaller number of records are re-
ported for Bulgaria (10) (Guéorguiev & Bunalski, 2004; 
unpubl. data), Romania (four) (Nitzu, 2001; Popescu & 
Davideanu, 2009; Hillert et al., 2016) and Bosnia and 
Herzegovina and Croatia (two each) (Lelo & Kašić-Lelo, 
2010; Koren, 2017). There are currently no records for the 
Republic of North Macedonia and Albania. The number of 
the records for Serbia indicates that it is rare in this coun-
try and in most other countries it is extremely rare (Bre-
lih et al., 2010; Koren, 2017), except in Hungary, where it 
is found relatively frequently (Nádai, 2006; Merkl et al., 
2014). Chemical contamination of the environment and 
Fig. 7. Current distribution of B. unicornis in Serbia and the pre-
dicted distribution of this beetle in this country on a digital altitude 
model. The green dots are the locations where this beetle is re-
corded, the yellow squares locations where fungi, its food source, 
were recorded. The blue surfaces are major rivers and lakes, the 
different shades of grey the different altitudes, while the red area 
is that predicted as suitable for this beetle based on a combination 
of the three environmental variables measured (altitude, average 
annual temperature and average annual precipitation) and the dis-
tribution of its food source. A detailed hydrological network around 
the locations of the records of this beetle is shown in the insets 
(map magnifi ed 2×). The data on distribution of the fungi are those 
cited in Ivančević (2016). Projected coordinate system: MGI / 3-de-
gree Gauss zone 7.
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ploughing negatively affect the food source of this beetle 
(Szwałko, 2008), which is becoming increasingly rare in 
Poland. The above factors are also likely to infl uence the 
occurrence of this beetle throughout its distribution area 
(Szwałko, 2008).
Ecological preference of B. unicornis
Altitude preferences of B. unicornis
This beetle occurred at a somewhat higher average alti-
tude in Serbia (336 m a.s.l.) than at other sites in Europe 
and Asia Minor (Paill, 2008; Hillert et al., 2016; Koren, 
2017; GBIF.org, 2018), i.e., localities in Austria, Slovakia, 
Hungary, France, Romania, the Czech Republic, Turkey, 
Ukraine and Croatia (236 m a.s.l.).
Preference of B. unicornis for the proximity of water 
in Serbia and surrounding countries
This species occurred in areas in Serbia relatively close 
to water bodies (rivers). The sites studied in Serbia are 
relatively close to the Danube and its tributaries. The dis-
tribution of this beetle in Serbia overlaps with the river 
system of the Danube. The distribution of this beetle in 
surrounding countries (Koča, 1906; Nitzu, 2001; Guéor-
guiev & Bunalski, 2004; Nádai, 2006; Byk et al., 2016; 
Koren, 2017) also indicates that it might be associated with 
the nearness of fl owing and stagnant water in areas where 
its food (fungi) occurs. Thus, the vicinity of water bodies 
(canals, rivers, lakes) should also be taken into account as 
an additional environmental factor in predicting the areas 
in Serbia where this beetle is likely to occur. In Bulgaria, it 
is found mostly on the Danube Plain and to a lesser extent 
close to the Black Sea or smaller rivers in its drainage basin 
(Guéorguiev & Bunalski, 2004). A similar pattern is evi-
dent for the Romanian locations (close to rivers, lakes, or 
the Black Sea) (Nitzu, 2001; Popescu & Davideanu, 2009; 
Hillert et al., 2016) and Hungarian records (most locations 
close to the Danube and Lake Balaton) (Nádai, 2006). The 
two Croatian records are from the vicinity of the Bosut 
River (Koča, 1906; Koren, 2017), a tributary of the Sava 
River. The present centre of the beetle’s range is the Pan-
nonian region, though one could suggest that the real range 
of B. unicornis overlaps more or less with the overall river 
system of the Danube. This is not the case for the Italian re-
cords, which are from the vicinity of the Tagliamento River 
(Benasso, 1971; Zandigiacomo, 2005), which is part of the 
Adriatic river system.
Preference of B. unicornis for particular habitats 
and soil types in Serbia
The beetles recorded in Serbia were collected in broad-
leaved forests (six locations); discontinuous urban areas 
(two locations); and non-irrigated arable land in agricul-
tural areas, natural grasslands and transitional woodland/
shrub (one location in each). It mostly prefers forest habi-
tats in Serbia, but can be found in areas strongly affected 
by human activity (agricultural areas and artifi cial surfac-
es). It favours low-altitude undisturbed/disturbed habitats 
in Serbia. This is in accordance with data from other coun-
tries (Horion, 1958; Vrezec et al., 2011) and indicates that 
this beetle is thermophilous and inhabits low-altitude areas 
(steppes and steppe forests), especially thin oak forests. 
It is an indicator species for natural grasslands (Vrezec et 
al., 2011) and is not recorded in chemically polluted soils 
(Szwałko, 2008).
As for this beetle’s preference for particular types of soil, 
it is important to point out B. unicornis close association 
with its food source (Tuber spp. and Choiromyces spp.), 
which is mostly associated with fl uvial and eugley soils, 
eutric brunisol, dystric brunisols, loessifi ed and brown 
soils on limestone and dolomite, and chernozem on loess 
(Ivančević, 2016). This beetle prefers chernozem on loess 
and eutric brunisol in the Srem District; arenosol and eutric 
brunisol on sand in the Banat District; and mostly eutric 
brunisol and limestone-dolomite black soil, lithosol and 
rendzina in Serbia proper (Nejgebauer et al., 1961). The 
close association of this beetle with fl uvial soils accords 
with its affi nity for the proximity of water bodies.
Predicted range of B. unicornis in Serbia
The distribution of this beetle in Serbia covers a relative-
ly wide range of geographic latitudes and longitudes. The 
extent of this range could be even greater according to our 
model’s prediction of its distribution in this country, which 
indicates it might occur in the northwestern (a small area 
south of the Sava River), central (a huge area), eastern (al-
most entire area), southeastern (a small area) and southern 
parts (a narrow area). This beetle has not been recorded in 
northwestern or southern Serbia, where it is also expected 
to occur. Currently, it is not possible to map the distribution 
of its food source (fungi) over a large area, since the data 
on its distribution is incomplete, especially on the Balkan 
Peninsula.
Candidates for SACs in Serbia
As a future member state of the EU, Serbia will be 
obliged by law to fulfi l all the requirements of the EU’s en-
vironmental criteria and will have to designate one or more 
SACs for B. unicornis based on the available data. This 
will prevent the degradation of localities of interest and 
conserve the beetle, its habitats and the rest of the fauna 
in these habitats. For example, as a measure of the effort 
put into the conservation of this beetle, a total of 36 SACs 
are designated in the EU (EEA, 2016), the greatest number 
of which are located in Hungary and Bulgaria, where the 
greatest number of records are reported. 
The following areas in Serbia are potential candidates 
for SACs: Fruška Gora National Park and its surroundings 
(with four records) and Đerdap National Park (with three 
records). This will reinforce the current level of conserva-
tion of this species, since these two areas are already legal-
ly protected. Special attention should be paid to research 
on this beetle in areas in the vicinity of the two national 
parks (especially in broad-leaved forests and urban areas), 
where this species can be expected to occur. After obtain-
ing more complete knowledge about the distribution of B. 
unicornis in this country, it will be possible to assess its 
population status, develop appropriate conservation meas-
ures and improve monitoring. 
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Measures for conservation of B. unicornis in Serbia
The very few new records of this beetle in Serbia indi-
cate that further fi eld surveys are needed in order to as-
certain its complete distribution in this and neighbouring 
countries and assess its conservation status in the region. 
We propose that further research be carried out in areas 
predicted by our model to be suitable for this species in 
Serbia. It is very important that this species is immediately 
added to the offi cial national lists of protected species in 
Serbia. In addition, it is desirable that this species should 
be considered and adopted for inclusion in Red Lists and 
Red Data Books at the regional level. 
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